pathogenic bacteria, was searching for something comparable amongst viruses when he discovered bacteriophage. Elford & Andrewes (I932) were comparing the sizes of bacteriophage particles. Comparison is, in fact, the essence of biology without which its savour would be lost.
The relationship between comparison and classification is interesting. Plainly, classification can only depend on comparisons that have been made. On the other hand, the comparative approach gains in interest when classification is formative and becomes less interesting as classification is established.
Pirie (I962) defined three steps in classification. The first is aesthetic; a synoptic survey is made of the domain to be classified to distinguish essential and useful features. The second step is logical and seeks to determine whether the criteria chosen lead to sense or nonsense. The third step is scientific; it is to enquire why successful criteria work. Comparative virology is concerned with the second and third steps. It requires that Pirie's first step be already accomplished, for without preconceived notions about (a) the domain, i.e. the virus kingdom, and (b) the constituent blocks of viruses, comparisons of the sort we shall hear at this Symposium are valueless and dull. Armed with our preconceptions, be they hierarchical (e.g. Lwoff, Horne& Tournier, I962) or studiously not so (e.g. Wildy, I962), we can enter the comparative approach with interest or even eagerness. We can hug ourselves, smiling smugly when comparisons bear out our predictions and expostulate extravagantly at unexpected divergences. Luria & Darnell (1968) stress the value of the comparative approach: ' unity in variety'.
UNITY OF THE VIRUS DOMAIN
The first useful definition of viruses was that of Lwoff (1957) . It has withstood the test of time well, considering the rapid advances of the past I5 years. It defines viruses as 'potentially pathogenic entities with an infectious phase, possessing only one type of nucleic acid, multiplying in the form of their genetic material, unable to grow and undergo binary fission and devoid of a Lipmann system'. Luria (I959) produced an alternative definition of viruses as' elements of genetic material that can determine in the cells in which they reproduce, the biosynthesis of a specific apparatus for their own transfer into other cells'.
Both these definitions are informative and tell us what entities we are dealing with; at the time they were produced they were also exclusive since they separated viruses from pneumococcal transforming principle, Rickettsia, Psittacosis-like agents and mycoplasma. Do they do so now ? Anderson (1968) made a good case for including transfer factors as viruses. He pointed out that they consist of one type of nucleic acid which multiplies, they cause antigenic conversion and can determine an apparatus facilitating infection of other cells and they depend on their host cells for provision of energy. We were all delighted with 1-2 Anderson's paper as an excellent and entertaining intellectual exercise but consoled ourselves with the thought that, unlike viruses, transfer factors do not wrap themselves up in the form of virions. But now Diener and co-workers have demonstrated, in a series of papers, that potato spindle tuber virus also appears to make no virion in the accepted sense (Diener, 1971 ; Diener & Raymer, 1967) . In the material studied, infectivity was found in the form of IO S RNA of high specific activity and of polydisperse nucleic acids which sediment faster. A variety of methods failed to reveal virus particles, and though helper viruses have been sought none has yet been found. If we accept, for the moment, that this ' viroid' contends successfully in nature and is not some kind of laboratory artefact, are we to include it as a virus ? Lwoff & Tournier (1971) include naked nucleic acids in their definition of viruses, calling them gymnoviruses, not to be confused with the gymnovirales of the I969 LHT system, i.e. unenveloped RNA viruses with cubic symmetry, and propose encoding information about them in a gymnogram. Perhaps we should now consider the transfer factors more seriously as viruses, call them cryptoviruses and encode information about them in a cryptogram.
The difficulty in devising definitions is that they impart a sense of rigidity. We have a domain labelled 'viruses'. Most of the elements fall fairly and squarely within it but there are some near the fringe and some beyond it which are bound to have affinities. So, for the moment, let us retain the working definition of Lwoff 0957) for general purposes but allow, in comparative virology, that interesting comparisons may be found beyond the fringe.
VARIETY WITHIN THE VIRUS DOMAIN
Though interest in comparisons within the virus domain has been evident for some time, it was for many years damped by the independent development of the main branches of virology. So, while classification of the animal viruses went forward, largely owing to the efforts of Sir Christopher Andrewes, it lagged in other areas. It was not until the sixties, when virological chemistry had become sufficiently developed and the invention of negative staining enabled the relatively advanced morphological descriptions of particles in crude extracts, that serious attempts to define diversity within the unity of virology could be made. The opportunities presented in I96I were obvious and resulted in schemes suggested by Cooper (I96I), Horne& Wildy (I96I) and, of course, by Lwoff et al. (1962) . At that time the only comparisons that could be made were of attributes of virus particles. The nature of nucleic acids in the virion, their size, strandedness and fragmentedness, the size, shape and symmetry of the capsid, the presence of auxiliary appendages such as tails or envelopes (lipid) served to distinguish one virus group from another. Gibbs et al. (I966) , fearing that the enthusiasm of the PCNV was getting out of hand, reacted by introducing the cryptogram which enabled the comparison of viruses or virus groups without arranging them in any particular order. This scheme, too, was concerned mainly with the properties of virus particles, though they dared (in the fourth term) to introduce information about the hosts and vectors of viruses. The result is a classification, primarily based on the properties of virus particles, which is for the most part universally accepted and which has been adopted by the International Committee on Nomenclature of Viruses (Wildy, I97I). However, inspection of the descriptions of virus groups shows that, in most cases, other properties are being adopted in addition to those of virus particles. Clearly, the advance of molecular biology is now enabling us to overcome the restriction we have been obliged to accept of comparisons made on the properties of virus particles. As Subak-Sharpe (I97I) points out in his admirable summary to the Ciba Symposium on the ' Strategy of the Viral Genome', we can distinguish seven kinds of strategy possessed by viruses, which I summarize in Table ~. In my view, it is unfortunate that the classification of viruses rests primarily on the attributes of the dormant form of viruses -the virion. Historically, this can be seen to have been inevitable. But let us hope that the systems and schemes so far produced have not fossilized to an extent where it is impossible to admit dynamic and more interesting criteria for grouping viruses. At least we can now begin comparing these attributes; if they serve to reinforce the schemes based on the properties of virus particles, so much the better.
TWO AREAS OF SPECIAL INTEREST
Because of the long tradition of separatism of the four main 'branches' of virology, it is natural that we are especially intrigued by the so-called bridging groups of viruses whose members parasitize phylogenetically distant hosts. Likewise, we are very interested in viruses that depend for their survival on their ability to multiply in alternate hosts. Table z lists some examples of possible bridging virus groups. The group (generic) name in the first column applies strictly to the type species listed; the points at issue are the following. (I) How far are we justified in including the other viruses listed ? (2) Does the apparent grouping result from loose definition of the groups ? (3) If we feel justified in grouping these bridging viruses together, can we find any reasons why they have evolved in this way ?
The International Committee on Nomenclature of Viruses considered the first two ques- tions critically (Wildy, ~97I). Only in the case of poxviruses did it conclude that the poxviruses of insects warranted membership of the group, since these have many attributes in common with their vertebrate counterparts (Bergoin & Dales, 1970 . At the other extreme, the bullet-shaped viruses, which in Table 2 span vertebrate, invertebrate and plant hosts, are so diverse that the Committee admitted only six of the many candidates considered. Hummeler (I97I), comparing sixteen vertebrate viruses and sixteen viruses of invertebrates and plants, points out that particles of bullet-shaped viruses range from I2O to 665 nm in length but that the nucleocapsids exist as single-stranded helices when periodicity shows good agreement for all members investigated, though these, too, vary greatly in length. My own view is that the' bullets' will cluster in several groups and I await with interest the contributions dealing with these viruses. I include in the Table a newly reported virus of the fungus Thraustochytrium (Kozama & Schornstein, 1972) . This is similar, morphologically, to a herpes virus, contains DNA in the particle and morphogenetically resembles a herpes virus. It will be interesting to follow the investigation of this virus.
The second area of interest has excited many eminent virologists over the years. It has been pointed out that arthropods appear to occupy a central position in virology as hosts and as vectors for both vertebrate and plant viruses. I shall not therefore dwell on the evolutionary and epidemiological aspects of this phenomenon but simply suggest that the mechanism of this versatility deserves attention. Do these viruses have to be specially equipped to productively infect such very different kinds of host cell ?
The contributions to this Symposium are mostly centred within three areas of special interest. I feel sure that they will approach some of the questions I have asked and hope that they will produce some of the answers.
